Electromyographic and mechanical evoked twitch responses at the hand were observed simultaneously following suxamethonium. The intensity of neuromuscular blockade was assessed by comparison with their control heights of the responses obtained from both the force of thumb adduction and from the compound electromyogram (EMG). Surface electrodes placed dorsally over the lateral hand provided two EMG signals, one of which was assessed in terms of its amplitude, the other as the rectified and integrated energy envelope. While the mechanical and electrical events were roughly in agreement there was better conformity between the two EMG techniques in the assessment of paralysis.
Evaluation of neuromuscular transmiSSIOn during anaesthesia involves supramaximal nerve stimulation and observation of the muscular response. When Lee, Barnes and Katz 1 compared ten parameters measuring neuromuscular sensitivity to tubocurarine, they concluded that the single twitch is valid for an overall estimation of the block. Measurement of the evoked responses to single twitch stimuli is most commonly made at the hand, especially with the adductor pollicis muscle. When Ali and Savarese 2 reviewed the monitoring of neuromuscular transmission, they discussed both transmission and electromyographic (EMG) measurements. Although most workers utilise EMG amplitude for assessment of twitch depression, others have rectified and integrated the compound muscle action potential. 3, 4 Qualitative estimates of neuromuscular block have compared mechanical effects either with those on the EMG amplitude5-7 or with those on the integrated EMG. 8 The present study was undertaken in an attempt to compare simultaneously, by all three methods, the evoked twitch response in the hand following suxamethonium administration. METHOD Twenty-one adult patients (weighing 46 to 84 kg) were studied during their elective surgery. They were premedicated about one hour preoperatively with an intramuscular narcotic. Following intravenous atropine administration, anaesthesia was induced with thiopentone and was maintained with a mixture of halothane 01.-1.5% and nitrous oxide 50-70070 in oxygen. Endotracheal intubation was facilitated by the application of topical lignocaine to the larynx.
Immediately following induction, the ulnar nerve was stimulated supramaximally via surface electrodes placed at the elbow. Stimuli of 0.1 msec duration were delivered every 10 seconds, with a nominal output voltage of up to 500 v. The hand and forearm were immobilised and the mechanical twitch tension obtained from a force-displacement transducer. This was applied at right-angles to the thumb, with a resting tension of some 200 g. Compound muscle action potentials were obtained from surface electrodes placed dorsally on the hand. The signal used for amplitude measurement was from electrodes placed across the first interspace of the hand, while that for the integrated EMG came from both the first and second interspaces. The amplified EMG signals were filtered with limits set at 0.1 Hz and 0.1 MHz. The EMG signals were displayed on a storage oscilloscope and on the second and third channels of a chart recorder. The latter involved dialogue-to-digital conversion described elsewhere. 9 In brief some 5 msec after the stimulus, the signal from a 25 msec window was digitised, which was then reconverted at a slower rate, more suitable for the response of the chart pens. The second EMG response was rectified and integrated and the amplified signal displayed on the fourth channel of the recorder. FIGliR~ 1.~ Thl' pattcrn ,,1 paralv",i, in a typical paticnt following the admini'tralion of suxamelhonium at lime zero (the time ,cale i, logarithmic). The mcchanical tw itch response is both effected less quickly and recovered more quickly than are the electrical evcnts. While thc latter had still not recovered completely, the evoked mechanical responses became greater than the control twitch height, taking almost 20 minutes to return to the original level.
The intensity of neuromuscular blockade was assessed by comparison of depression of the twitch response with its control height. The triad of simultaneous responses one mechanical and two electrical were recorded until they were stable. Not less than 20 minutes following induction, suxamethonium 0.5 -1 mg/kg was administered intravenously. During recovery from blockade the block intensity was obtained from all the initial data triads recorded with each stimulus, until recovery was almost complete, although later samples were obtained at 50 second and then at 100 second intervals. Simultaneous responses were examined in pairs by linear regression analysis. In some cases the surgical procedure was sufficiently long to allow further suxamethonium dosage.
RESULTS

Following
the administration of suxamethonium, the twitch responses were largely or completely abolished. A typical pattern of responses is shown in Figure 1 . In most cases, mechanical twitch response was depressed less quickly with the onset of paralysis, but also recovered more quickly. In over half of the group the mechanical twitch response became greater than its control height, during the time that the electrical responses were still recovering. This period usually lasted 10 to 20 minutes, and in some cases the mechanical twitch response remained stable at greater than the control height long after the electrical response had recovered fully. In those patients receiving a second dose of suxamethonium, this phenomenon could be repeated.
~ '~. . . . ,l)'~?t! Comparison of the mechanical twitch response with either EMG amplitude (Figure 2 ) or the integrated EMG (Figure 3 ) during recovery from blockade reflect the greater depression of the electrical events. Linear regression analysis of these two relationships gave results which were almost identical, with slopes of about 0.83, intercepts close to 19, and correlation coefficients of 0.92. Comparison of EMG amplitude with the integrated EMG (Figure 4) by linear regression gave a slope of 0.997, an intercept of 1.4, and a correlation coefficient of 0.98. Tests for parallelism did not show a statistically significant difference between the slopes of these regression lines. DISCUSSION de long and Freund lO observed that the close association between EMG amplitude and twitch tension in the unanaesthetised subject is also true for the patient under halothane anaesthesia, as well as during neuromuscular block. They concluded that EMG and muscle tension could be used interchangeably. While generally in agreement, Katz does indicate that there can be marked differences in electrical and mechanical events. In his 1967 studies" involving suxamethonium, Katz avoids the use of halothane and records both the thenar and hypothenar electromyograms. His observations comparing the effect of suxamethonium on the mechanical response and thenar EMG block are confirmed by Figure 2 . Although the slope of the regression line here was not significantly different from that comparing the two electrical tests ( Figure 4 ) this may merely reflect the statistical test used. Using a t test for paired data, Epstein and Epstein 7 reported the effects of tubocurarine on twitch tension and EMG. Although mechanical depression and electrical depression corresponded roughly to each other, depression of tension was significantly greater. In their studies on the muscle responses to the train of four stimuli, Ali, Utting and Gray5 used either the mechanical contraction of the thumb or the compound EMG of the first interspace. For this type of assessment of curariform block, these techniques would appear to be interchangeable. I 11 ~cparating the electrical and mechanical events, Katt' points out that, as the mechanical twitch response was usually less sensitive to suxamethonium during recovery from blockade, upon return of twitch tension to control values, a substantial block could still be present as judged by EMG. Further, as the mechanical twitch response returns to a level greater than control while the EMG is still depressed, he concluded that this effect of suxamethonium probably represents a contractile effect on the muscle.
Evoked rectified and integrated EMGs and their relation to tension following administration of a nondepolarising muscle relaxant were investigated in detail by Lam, Morgan and Lampard. 8 They demonstrated the heterogenicity of EMGs derived from different electrode pairs and concluded that an unbiased sample for reliable measurement was obtained only when a number of EMG channels were summed and averaged. Our results are not in entire agreement with this, and could reflect differences between the cat soleus muscle and human small muscles of the hand. However, there are also considerable differences in technique and in data processing.
The adductor pollicis muscle and the adjacent interosseous muscles are supplied by the ulnar nerve and while the mechanical twitch measurement of thumb adduction approaches the single nerve-muscle preparation, the compound EMG obtained from surface electrodes can never be as precise. Despite this, additional difficulties from the need for expensive equipment and interference from other electrical equipment, evoked EMG measurements would appear to provide a more reliable index of paralysis than the mechanical twitch response, although ideally both should be measured. 6 Our data would suggest that either EMG amplitude or the rectified integrated signal would be equally suitable in the assessment of neuromuscular blockade.
